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2 Steele: The angular momentum evolution of Be stars
Fig. 1. v sin i distribution for the three luminosity classes
(solid areas) compared with the all luminosity class dis-
tribution (hollow). A KS test shows that the probability
of the giant and dwarf distributions being drawn from the
same population is < 10
 6
where R is the polar radius. Values of M and R were
obtained from Schmidt-Kaler (1982), with interpolation
between luminosity classes and spectral sub-types where
necessary. From Fig. 2 it is apparent that this simple ex-
planation of the necessity of a certain fractional velocity
to give the Be phenomenon is insuÆcient to explain the
discrepancy between the giants and dwarfs.
2.3. Angular momentum distribution
We now consider the rotational velocity changes that re-
sult from angular momentumconservation during the evo-
Fig. 2. ! sin i distribution for the three luminosity classes
(solid areas) compared with the all luminosity class dis-
tribution (hollow). A KS test shows that the probability
of the giant and dwarf distributions being drawn from the
same population is < 10
 4
lution from dwarfs to giants. Assuming that the mass of
a given star is xed during this evolution and that angu-
lar momentum is conserved, then velocity v will simply be
inversely proportional to radius R. The quantity we there-





radius for luminosity class compared to the corresponding
giant radius. From Schmidt-Kaler (1982) it is apparent
that for dwarfs in the range O9 to B9 for a constant mass
(not spectral type) the relationship R=R
g
= 1=1:8 holds to
within  5 per-cent. Similarly for the subdwarfs we adopt
R=R
g
= 1=1:4. The ratio is of course unity for the giants.
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In Fig. 3 we plot the distributions of v sin iR=R
g
for
all three luminosity classes. The similarity of the three dis-
tributions is striking. In order to conrm their similarity
we carried out a Kolmogorov-Smirnov (KS) test between
the unbinned values of v sin i  R=R
g
for the giants and
the dwarfs. As noted in the captions of Figs. 1 and 2 the
test was also carried out on the v sin i and ! sin i datasets
to demonstrate that they were signicantly dierent. For
v sin i  R=R
g
the probability that the giant and dwarf
distributions are drawn from the same population is 0.83,
conrming our opinion of the similarity of the samples,
and demonstrating that the similarity was not an eect
of our binning the data. It is therefore apparent that con-
servation of angular momentum over the Be lifetime of
the object is entirely consistent with the observed angular
momentum distributions.
3. Angular momentum evolution
In Sect. 2.3 we demonstrated that angular momentum
conservation was consistent with the observed values of
v sin i R=R
g
. However it may be that a certain fraction
of angular momentummay be lost from the stars and the
two distributions still remain consistent. To investigate
this we simulated the eect of changing the system an-
gular momentum of the giants by factors of between 0.01
and 2.0 in increments of 0.01 and redoing the KS test. The
resulting distribution of probabilities is shown in Fig. 4.
From Fig. 4 it is apparent that a probability of greater
than  5% of the two distributions being consistent is ob-
tained for fractional changes of angular momentum dur-
ing the main sequence + giant lifetime of the star of be-
tween  0:85 and  1:3. Neglecting the upper value as
unphysical we therefore conclude that any method of los-
ing angular momentum that purports to explain the Be
phenomenon must cause a loss of less than  15 per cent
of the stellar angular momentum over the main sequence
+ giant lifetimes of the star. From the analysis presented
by Porter (1998) of the spin down of Be stars due to an-
gular momentum transfer to the disk (i.e. a decretion disk
- e.g. Lee et al. 1991) this implies that (assuming the Be
phenomenon is present for most of the main sequence life
of the star) the disks around Be stars are in his termi-
nology \weak" to \medium". This means that for a typi-
cal disk opening angle of 15
Æ





(Waters 1986), the initial outow velocity must be
less than 0.01 km/s. For a decretion disk this implies the
viscosity parameter  < 0:01 (Porter 1998).
An alternative of explanation is a much \stronger" disk
that is only present for short periods during the life of the
star. For example if the disk were only present for 10% of
the main-sequence lifetime, then we derive   0:1.
Fig. 3. v sin i  R=R
g
(a measure of relative angular
momentum) distribution for the three luminosity classes
(solid areas) compared with the all luminosity class dis-
tribution (hollow). A KS test shows that the probability
of the giant and dwarf distributions being drawn from the
same population is 0:83
4. Conclusions
By using the distribution of v sin i values for giants and
dwarfs in the Be star sample of Steele et al. (1998) we have
shown that any angular momentumloss in the system that
would spin down the Be stars must cause the loss of no
more than 15% of the stellar angular momentum. This
implies that either the Be phenomenon is only a short
phase in the life of such objects, or that any decretion disk
in the system must have a low outow velocity (< 0:01
km/s) and hence a low viscosity ( < 0:01).
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Fig. 4. Variation in KS test null hypothesis probability
between giant and dwarf angular momentumdistributions
versus amount of stellar angular momentum conserved.
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